In this study the dynamic model of a space robot manipulator is constructed. The space robot manipulator as a three-degree-of-freedom manipulator on a movable base is represented. Functional performance of space robotic manipulator near the orbital space station is considered. It is also anticipated that the motion occurs in a weightless environment without affecting the dissipative forces. Based on this model of space robot manipulator the first problem of manipulator dynamics is solved. The problem is solved using the expansion pack Symbolic Math Toolbox of mathematical package Matlab.
Introduction
Consider space robot manipulator as a controlled system consisting of a freeflying base and a manipulator or a system of manipulators mounted on it (Fig. 1) . Recently, it has called more attention of researchers not only for its performance capabilities, but also rapid development of applications of this kind of technical systems in space. However, the research methods for ground robotic manipulators are not fully appropriate for applying to space ones mainly because of its dynamical. In the study of considered class of objects it is necessary to take into account that the robot's motion takes place in conditions of weightlessness that allows to neglect the force of gravity. Besides, the robot operates on a high enough orbit, which allows to neglect the environmental resistance, as well. The absolutely free-flying base of the robot, which entails an additional degree of mobility significantly complicates the things. In this regard, the study of such class of robot manipulators should be considered in the context of a new, separate scientific and technical concept [1 -4] .
Kinematic scheme
In this paper, the model of three-link space robot manipulator is considered. Its motion takes place in the vicinity of an orbital space station. The kinematic scheme for the described mechanical system is shown on Fig. 2 . The movement 
Determination of generalized velocities
To build a dynamic model of space robot it is necessary to define a connection between its generalized velocities and linear and angular ones. For this purpose the theorem of angular velocities addition and the theorem of velocities in complex movement addition are used. Then the equations of constraints between the generalized velocity vector of the robot and its linear and angular velocities are determined by formulas [3] :
where index i outside the brackets indicates the i-th body of the robot when considering the angular velocity or a point O i in case of linear velocity; ω
are the angular velocity projections of the i-th body in the coordinate system
i are the linear velocity projections of the point O i on the axis of the same system of coordinates; Ω i and V i are the constraint matrices of angular and linear robot's velocity with the vector of the generalized velocities determined by the following recurrence relations (under the assumption that cos(q) = Cq, sin(q) = Sq) [3] :
where the matrices α i,i−1 are of the following form: Matrices L i , i = 0, . . . , 3 characterizing the geometric parameters of the robot are determined as follows: To simplify the form of the equations the concept of quasivelocity can be used. Quasivelocity of the i-th body is a (6 × 1)-dimensional vector. Its first three components are the angular velocity projections of the i-th body on the axis of the coordinate system constrained with this body, the next three components define the linear velocity projection of point O i on the axis of the same coordinate system:
In this case the quasivelocity the entire system is a (24 × 1)-dimension vector which contains quasivelocities of all the system bodies taken in the order of numbering the bodies:
Then the equations of constraint between the angular and linear velocities of the system and the generalized velocities vector can be written in the following form:
Dynamic model
To derive the equations of the robot motion in the form of Lagrange equations of the second kind d dt
where the vector Q contains a vector of control forces and moments it is necessary to determine the kinetic energy of the system obtained by summing the kinetic energies of all the system objects:
where T i is the kinetic energy of the i-th body. In this case, the total kinetic energy of the system is determined by the formula
whereẋ is a system quasivelocity vector and the matrix B describes the massinertial characteristics of the robot. The substitution of the known quasivelocity vector to the expression of the kinetic energy with the use of the generalized velocities vector gives a formula defining the kinetic energy of the system in terms of generalized coordinates and generalized velocities [5] :
Then the substitution of the obtained expression for the kinetic energy to the Lagrange equation of the second kind and consistent differentiating of the term gives the following result
where e s is a unit (9 × 1)-dimesional column vector with s-th nonzero component.
Example
To implement the desired motion of the considered mechanical system it is necessary to determine the values of generalized forces applied to the base and in the joints. For this purpose the solution of the first problem of the manipulator dynamics is represented.
Let the generalized coordinates change due to the following law
where t 0 is initial time, t 1 is finite time, λ(t) satisfies the condition λ(t 0 ) = 0, λ(t 1 ) = 1. In this case, the valueλ(t) defines the velocity of change of the generalized coordinates. Considerλ = 2 ∆t
), where ∆t = t 1 − t 0 . Such value of the velocity provides a smooth movement of manipulator along the entire trajectory. In the simulation the following initial and finite values for the generalized coordinates were used:
Graphics of the generalized forces changes are plotted using the mathematical package Matlab (Fig. 4) when t 0 = 0 and t 1 = 60. 6 Conclusion
The dynamic model for the given kinematic scheme of the three-link space robot manipulator is obtained. The solution of the first problem of the manipulator dynamics is represented by the example of a smooth movement of the robot along the entire trajectory. The simulation of the motion is implemented using the mathematical package Matlab.
